Abstract. Little information is available on cultural requirements for greenhouse production of Tradescantia virginiana L. We tested three plant growth regulators (PGRs) at ascending rates on T. virginiana 'Angel Eyes,' 'Blue Stone,' and 'Red Cloud' in an effort to fi nd appropriate application levels for height suppression. Treatments applied two weeks after transplant. Each PGR was applied once at the following rates: paclobutrazol at 0, 40, 80, 120, or 160 mg⋅L 
. Uniconazole at 30 to 45 mg⋅L -1 and fl urprimidol at 45 to 60 mg⋅L -1 resulted in adequate height control. 'Blue Stone' and 'Red Cloud' appeared more responsive (greater suppression of height at rates applied) to both uniconazole and fl urprimidol than 'Angel Eyes.' These results suggest that cultivars respond in a different manner to PGRs applied to them; more compact growth can be obtained for cultivars tested using these suggested rates.
Chemical names used: trifuloromethoxy phenyl-5-pyrimidinemethanol (fl urprimidol); [(±)-(R*,R*)-ß-((4-chlorophenyl) methyl)-?-(1,1,-dimethylethyl)-1H-1,2,4,-triazole-1-ethanol)] (paclobutrazol); uniconazole.
Tradescantia virginiana (spiderwort) is an herbaceous perennial native to eastern and central North America. As a garden plant, it has proved well adapted to sun and shade as well as both wet and dry areas. These characteristics, along with the numerous cultivars available and extended fl owering period during the summer, make them good landscape plants. In the landscape, the vigorous and spreading growth habit of spiderwort is desirable, but container production can be a challenge. Foliage often outgrows the pot and becomes unsightly and lodges. This characteristic, especially noticeable late in the summer season, reduces crop marketability. A method of temporarily suppressing vegetative growth in the greenhouse or nursery, before retail sale, would improve the appearance of the plants and possibly enhance sales. Little information is available concerning the cultural requirements of T. virginiana. No published research exists on use of plant growth regulators (PGRs) on spiderwort.
Flurprimidol (FLU), paclobutrazol (PAC), and uniconazole (UNI) are PGRs that control plant growth by inhibiting the synthesis of gibberellins and their effects on ornamental plants have been examined in numerous studies. Response to application of PGRs is dependent upon the species. Plant height may be suppressed with or without bloom delay. Pobudkiewicz and Nowak (1994) studied Dianthus caryophyllus L. 'Snowmass' and obtained desirable height control with no reduction in fl ower size or number with foliar applications of 15 and 22.5 mg⋅L -1 FLU. Consistent suppression of vegetative and fl ower stalk growth of Canna ×generalis L.H. Bail. 'Florence Vaughn' was attained with foliar application of FLU at 50 mg⋅L -1 , but the suppression of fl ower stalk growth greatly reduced the salability of the plant (Bruner et al., 2000) . Buddleia davidii Franch. 'Royal Red' treated with FLU as a foliar spray at 62.5 mg⋅L -1 had suppressed shoot growth over a short time without any delay in fl owering (Keever and Gilliam, 1994) .
Foliar applications of paclobutrazol at rates of 25 or 100 mg⋅L -1 to Verbena rigida Spreng. suppressed plant height without affecting time to fl ower (Davis and Andersen, 1989) . Dutch-grown bleeding hearts [Dicentra spectabilis (L.) Lem.] had delayed fl owering with PAC foliar application at 50 mg⋅L -1 ; however, treatment resulted in darker green coloration of the leaves and adequate height control (Kim et al., 1999) . Foliar UNI application at 15 mg⋅L -1 to Oenothera fruticosa L. resulted in a 31% reduction in plant height at fl owering compared with controls and fl ower diameter was reduced by 36% (Clough et al., 2001 ). Gibson and Whipker (2001) reported that increasing the concentrations of UNI (2, 4, 8, 16, or 32 mg⋅L -1 ) foliar sprays reduced plant height in a linear manner for both 'Osaka White' and 'Nagoya Red' ornamental cabbage (Brassica oleracea var. acephala L.).
Researchers in tree fruits, forestry, and other fi elds requiring long-term measurements frequently use repeated measures analysis of variance to compare responses of the same experimental unit over time or space (Fernandez, 1991) . Plant growth regulator studies on herbaceous ornamentals often use a point-in-time general linear model (GLM) analysis. Most of these experiments are relatively short-term, and these analyses provide comparisons among treatments at a certain point-market-ready, anthesis, or some other event. An exception is described by Littell (1989) in his discussion of PGR work on chrysanthemum. In this case, the use of repeated measures analysis revealed differences in PGR effects depending on the rate of growth (fast vs. slow). The main advantage of the repeated measures design is that it controls for subject heterogeneity, that is, individual differences. There are benefi ts of taking into account the initial or previous measurement (e.g., height) as a factor, though this results in a more complicated covariance structure (Littell et al., 1998) . But recent advances in statistical methods make for effi cient and effective analysis of data. One method is to use the REPEATED statement of SAS's general linear model (GLM) procedure (SAS Institute Inc., Cary, N.C.). Even short-term studies on nursery and greenhouse crops such as this one can benefi t from examination of response trends over time. This study examines the effect of PAC, UNI, and FLU on height, width, and fl owering of T. virginiana plants as measured over time.
Materials and Methods
The experiments were conducted in a double-layer polyethylene-covered house (25 Mar. to 20 May 2002 . Data collected included plant height (cm, from rim of pot to top of foliage), average width (cm, at widest point and perpendicular to that point), and percent plants fl owering. The growth habit of T. virginiana presented a challenge in measuring plant height-after an increase in height from weeks 0 to 2, foliar growth tipped downward, resulting in values nearly equal to or slightly less than the week two measurement. Stem growth increased from weeks 4 to 6, with no further drooping of the foliage.
Response variables (plant height, plant width, and percent plants fl owering) were measured every two weeks. Measurements taken over time on the same plants are often correlated. Univariate analysis of variance (ANOVA) F tests for effects involving week and interactions with week rely on the HuynhFeldt (H-F) condition (Huynh and Feldt, 1970) . The H-F condition requires a certain correlation structure between all pairs of measurements. Sphericity test using the PRINTE option of the REPEATED statement of SAS's GLM Procedure evaluate the H-F condition (Marini et al., 1995) . Because the hypothesis of sphericity test for all three response variables was rejected (P = 0.006, <0.001, and <0.001, respectively) these data were analyzed with a multivariate repeated-measures analysis using the REPEATED statement of SAS's GLM procedure (SAS Institute Inc. Cary, NC). No assumptions about repeated measures covariance structure are required by multivariate analysis (Marini et al., 1995) . The P values from the multivariate ANOVA (MANOVA) are presented for the main effect of WEEK and all interactions involving WEEK. The P values based on Wilk's Lambda for response variables main effects were obtained with tests of hypotheses for between-subject effects from repeated measures ANOVA. The P values generated in the REPEATED statement of SAS's GLM Procedure as follows:
proc glm data = trans; class color rate; model wk1 wk2 wk3 = color rate color × rate/nouni; repeated week (1 2 3) polynomial/summary; with the PROFILE transformation of the SUM-MARY option are also presented for contrast variables (Marini et al., 1995) .
Results and Discussion
Paclobutrazol. Pooled over all cultivars and PAC rates, all three response variables changed signifi cantly over time (Table 1) . The main effect of cultivar signifi cantly infl uenced fl owering, but not plant height or width. Withinsubject effects test the hypothesis that response variables do not change over time, whereas between-subject effects test the hypothesis that treatments do not affect the response variables when averaged over time. The week × PAC rate interaction was signifi cant for plant height and width, but not fl owering. Averaged over all cultivars, the increase in plant height was negatively related to PAC concentration; the relationship was quadratic between weeks 2 and 4 and linear between weeks 4 and 6 ( Table  2 ). The increase in plant width from week 4 to 6 was negatively related to PAC concentration in a linear manner (P = 0.056).
'Blue Stone' was slightly smaller than 'Angel Eyes' after height comparison without taking into account the effect of week (Table 1) . For plant width, two 2-way interactions (week × cultivar and week × rate) were signifi cant (Table 1) . From week 4 to 6 'Angel Eyes' width increased more than 'Blue Stone' (data not presented). The control plant's diameter increased more from week 4 to 6 than week 2 to 4, but the opposite was true for plants treated with higher PAC rates (Tables 2). Paclobutrazol did not affect the percentage of plants fl owering. The percentage of plants fl owering differed by cultivar. For 'Blue Stone' and 'Red Cloud' the percentage of plants fl owering increased during the experiment, but 'Angel Eyes' did not fl ower (Table 3) .
The PAC rate that was most effective at controlling plant height was 120 mg⋅L -1 , without regard for cultivar. At this rate, plant height was 26.5% less than the nontreated control. Width of cultivars differed, but at 120 mg⋅L -1 PAC, width of 'Angel Eyes' was suppressed by 14%, 'Blue Stone' by 21%, and 'Red Cloud' by 14% when compared with controls at 6 weeks after treatment. Application of PAC did not delay or inhibit fl owering. No phytotoxicity was noted for any PAC rate. Unlike our study, Wulster and Ombrello (2000) noted signifi cant delays in fl owering time of Ixia L. hybrids after application of PAC at 100 or 200 mg⋅L -1 , but Cox and Keever (1988) Tests the hypothesis that treatments (between-subjects effects) have no effect on the response variables, ignoring within-subject effects. This is the treatment effect averaged over all weeks. y P values for change in plant height and width for adjacent weeks pooled over all treatments.
x P values for the main effects and interactions on the change in plant height and width between adjacent weeks.
by time and UNI rate, but not cultivar (Table 4) . Height was also affected by the interactions for cultivar × rate, week × rate, and week ×cultivar. The relationship between height and rate was different for only 'Angel Eyes' and 'Blue Stone,' where height suppression with increasing UNI rates was greatest for 'Blue Stone' (Table 5) . Among cultivars, plant height change from week 2 to 4 was not related to rate, but from week 4 to 6 the amount the plants grew was suppressed in a linear decreasing manner as UNI rate increased (Table 5) . From week 2 to 4 'Blue Stone' increased in height more than the other cultivars, but all three cultivars increased in height to a similar extent from week 4 to 6 (Table 5) . Plant width was infl uenced by week and rate and the interactions were signifi cant for week × cultivar and week × UNI rate (Table 4) . Pooled over cultivars, UNI appeared to suppress plant width with increasing effectiveness with increasing rate from week 2 to 4, but UNI rate did not seem to impact the increase in width from week 4 to 6 (Table 5 ). The increase in width from week 2 to 4 was greatest for 'Red Cloud' and least for 'Angel Eyes,' but the opposite was true for week 4 to 6 (Table 5 ). The increase in fl owering from week 2 to 4 was similar for 'Blue Stone' and 'Red Cloud,' but 'Angel Eyes' did not fl ower. The increase in fl owering from week 4 to 6 was greatest for 'Blue Stone' and least for 'Angel Eyes.' From week 2 to 4, increasing rates appeared to decrease the percentage of plants fl owering, but from week 4 to 6, rate did not effect fl owering (Table 5 ).
Response to UNI application depended on cultivar, and application rates need to be adjusted by cultivar vigor. Whipker et al. (1995) compared two cultivars of tuberous rooted dahlia [Dahlia variabilis hort. non (Willd.) Desf.] with drench UNI treatments and found 'Red Pygmy' height was maintained at a marketable level while that of 'Golden Emblem' was not. Effective height control of T. virginiana appeared to be achieved with UNI application at 45 mg·L -1 . In the present study, height of all cultivars was controlled; 'Blue Stone' height was suppressed by 45%, 'Red Cloud' by 24% and 'Angel Eyes' by only 3% when compared with nontreated controls at 6 weeks after treatment. At the same application level, width was 13%, 23%, and 49% less than the control for 'Red Cloud,' 'Blue Stone,' and 'Angel Eyes,' respectively. Uniconazole did not delay fl owering of any cultivars, nor was any phytotoxicity noted. Kim et al. (1999) reported no phytotoxicity after UNI application at 1 or 5 mg·L -1 to Dicentra spectabilis. Application of UNI at 5, 25, or 100 mg·L -1 to Verbena rigida resulted in no delay in fl owering while height was controlled (Davis and Andersen, 1989) .
Flurprimidol. Plant height was affected by week and FLU rate and the interactions of cultivar × FLU rate and week × FLU rate (Table 6 ). As FLU rate increased the height suppression of all cultivars increased linearly from week 4 to 6 (Table 7) . Plant width was affected by week and cultivar, and the interactions of week × cultivar and week × FLU rate. The profi le contrasts indicate that the cultivar × FLU rate interaction affected the increase in plant width (P = 0.052) ( Table 8) . From week 2 to 4 the increase in width was greatest for 'Blue Stone' and from week 4 to 6 plant width increased least for 'Blue Stone'. The percentage of fl owering plants was affected by week, cultivar, and the interaction of week × cultivar (Table 6 ). Increases in fl owering from week 2 to 4 were similar for 'Blue Stone' and 'Red Cloud,' but 'Angel Eyes' did not fl ower. From week 4 to 6 fl owering was greatest for 'Blue Stone' and least for 'Angel Eyes' (Table 8) .
The most effective FLU application rate for control of T. virginiana height was 45 mg·L -1 . Flurprimidol effect on height was similar for all cultivars. After FLU application at 45 mg·L -1 , average height was 20% shorter than nontreated controls. Width of plants differed by cultivar. At the recommended rate, 'Angel Eyes' width was suppressed 10%, 'Blue Stone' 15%, and 'Red Cloud' 18%. Flurprimidol rate did not affect time to fl ower or percentage fl owering plants. A similar fl owering response was noted with Buddleia davidii 'Royal Red' (Keever and Gilliam, 1994) and Dianthus caryophyllus 'Snowmass' (Pobudkiewicz and Nowak, 1994) .
Summary
Though PGR treatment effects were fairly modest, PAC, UNI, and FLU were all effective in suppressing T. virginiana height and width. The greatest suppression occurred during the 4 to 6 WAT period. The PROFILE y P value for change in the arcsine transformed fl owering plants for adjacent weeks pooled over all treatments.
x P values for the main effects and interactions on the change in arcsine transformed fl owering plants between adjacent weeks. Table 4 . Sources of variation and P values from analysis of variance and multivariate analysis of variance for effect of uniconazole (UNI) rate on height, width, and arcsine transformed fl owering of Tradescantia virginiana plants over 6 week experiments. RC = 'Red Cloud'; AE = 'Angel Eyes'; BS = 'Blue Stone'. Tests the hypothesis that treatments (between-subjects effects) have no effect on the response variables, ignoring within-subject effects. This is the treatment effect when averaged over all weeks.
TRANSFORMATION option in the RE-PEATED statement compares two adjacent levels of time and was useful in determining when plant growth changed. This would not have been apparent with a univariate analysis for each observation point. A multivariate approach is well suited for studies involving plant growth regulators as the inhibition of gibberellin synthesis and the concomitant suppression of plant growth is not instantaneous but occurs over time. Flurprimidol provided the greatest height control for all cultivars tested during our experiment. Other fi ndings conclude that 'Angel Eyes' is the cultivar least likely to respond to PGR application; it also had the lowest percentage of plants fl owering when compared with other cultivars. 'Blue Stone' was the tallest cultivar in height and also appeared to respond to lower PGR rates. 'Blue Stone' also had the greatest percentage of fl owering plants. 'Red Cloud' response in height and width usually ranged between the other two cultivars, and all three PGRs were able to effectively control height and width. Tests the hypothesis that treatments (between-subjects effects) have no effect on the response variables, ignoring within-subject effects. This is the treatment effect when averaged over all weeks. y P value for change in plant height for adjacent weeks pooled over all treatments.
x P values for the main effects and interactions on the change in plant height, width, and arcsine transformed fl owering between adjacent weeks. y P value for change in plant width for adjacent weeks pooled over all treatments.
x P values for the main effects and interactions on the change in width and arcsine transformed fl owering of plants between adjacent weeks.
